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This application is a continuation-in-part of U.S. Patent Application Serial No. 
10/326,339, filed on December 20, 2002, which claims priority under 35 U.S.C. § 119 to U.S. 
Provisional Patent Application Serial No. 60/345,113, filed December 21,-2001. Both 
applications are incorporated herein by reference. 

This invention relates to end-capped polymers, methods for making end-capped 
polymers, compositions containing such compounds, and methods for using such compositions. 
In particular, the end-capped polymers may be components of carriers for active ingredients. For 
example, carriers comprising an end-capped polymer according to the invention may be 
combined with biologically active ingredients, including natural or synthetic bone products or 
other osteogenic agents. The inventive compositions may be used for the treatment or repair of 
tissues, including bone defects. 

BACKGROUND OF THE INVENTION 

When active ingredients are therapeutically administered to a patient, they are often 
contained in a carrier. In the context of tissue repair, demineralized bone powder is often used as 
the active ingredient to induce new bone growth at a bone defect site. Demineralized bone 
powder can be a loose, powdery material that is not easily contained at a bone defect site, 
particularly in the presence of body fluids and surgical irrigation. Therefore, demineralized bone 
powder may be combined with a carrier in order to provide a composition with improved 
handling characteristics and the ability to stay in place at the bone defect site for a sufficient 
amount of time to effect new bone growth. 

Demineralized bone powder is a material that can be prepared by conventional 
procedures. Demineralized bone powder is generally composed of particles of bone tissue that 
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have been specially treated, generally by soaking in acid, to remove their mineral content. The 
resulting demineralized bone powder is composed mainly of highly cross-linked collagen. The 
remaining non-collagenous proteins include proteins such as TGF-13, PDGF;, osteopontin, 
osteonectin, bone morphogenetic proteins (BMPs), and others. BMPs are a group of proteins 
categorized in the transforming growth factor beta super-family of proteins. 

Isolated BMPs are another material that can induce the formation of new bone, and that 
can be prepared by conventional procedures. ^ To date, several BMPs have been isolated, and 
associated with the bone healing process. BMPs can be isolated from bone as a mixture of 
proteins or produced individually through recombinant gene technology. < : : 

Demineralized bone powder and BMPs have been combined with carriers to produce 
bone repair compositions. Jefferies (U.S. Patent No. 4,394,370) discloses tissue repair 
compositions containing demineralized bone powder, BMPs, or both in a reconstituted collagen 
matrix. Glowacki et al (U.S. Patent No. 4,440,750) discloses aqueous compositions of 
demineralized bone particles and reconstituted collagen fibers. r 

Clokie (U.S. Patent No. 6,309,659) describes a biocompatible connective 4issue repair 
composition comprising bone powder and a carrier of poloxamer 407 (also known as Pluronic® 
F127, manufactured by BASF Corporation) and water. Pluronic® F 127 is a polyoxyethylene- 
polyoxypropylene-polyoxyethylene triblock copolymer: 
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wherein a is about 101 and b is about 56. This molecule has two hydroxyl groups (-OH), one at 
each of the far ends of the long polymeric molecule. At particular concentrations and 
temperatures, a composition of Pluronic® F127 and water exhibits reverse phase thermal 
characteristics (also referred to as reverse phase behavior) in that it can form a gel and become 
increasingly viscous or solidified as its temperature increases. 

Shimura et al. (International Patent Application No. W097/18829) describes a 
composition 'that contains a polyoxyethylene-polyoxypropylene glycol (e.g., ADEKA® F127) 
and a bone morphogenetic protein, and reportedly displays a reverse phase characteristic. 

There is a continuing need in the art for carriers for active ingredients and, in particular, 
for carriers to be used in tissue repair compositions. 

SUMMARY OF THE INVENTION 

This invention relates to end-capped polymers and compositions containing such 
compounds. The invention further relates to methods of making such end-capped polymers and 
methods of using compositions containing the end-capped polymers. In a preferred embodiment, 
a polymer containing a hydroxyl group (-OH) at one or both ends is treated to remove and 
replace the hydrogen portion of the hydroxyl end group(s) with a different functional group. 
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Preferably, the hydrogen of the hydroxyl group is replaced with a less reactive functional group 
and, thereby, the polymer can be used as a carrier that is less reactive. 

The end-capped polymers according to the invention can be used as carriers for active 
ingredients, particularly biologically active ingredients. The carrier may be formed by dispersing 
the end-capped polymer in a suitable solvent and under suitable conditions. The carrier 
preferably exhibits reverse phase behavior when its temperature is increased from room 
temperature to body temperature. In a preferred embodiment, the end-capped polymer is used 
within a carrier component of a tissue repair composition. More preferably, the tissue repair 
compositions according to the invention comprise a carrier comprising an end-capped polymer 
and one or more osteogenic agents, including natural or synthetic bone minerals, bone tissue, 
collagen tissue, proteins, including bone proteins, or combinations or ; derivatives of those 
materials. Such tissue repair compositions may be applied to a bone defect site, cartilage defect 
site, or other musculoskeletal sites. The composition can be applied by syringe, spatula, or other 
surgical delivery means. The inventive compositions can also be used as a.coating on surgical 
implants to be inserted at . or near bone defect sites, cartilage defect sites, or other 
musculoskeletal sites. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

The invention relates to end-capped polymers and compositions containing such 
compounds. The invention also relates to methods of preparing those end-capped polymers and 
the methods of using compositions containing the end-capped polymers. 

Polymers are long molecules that may be in the form of homopolymers (containing a 
single type of monomer unit) or copolymers (containing two or more types of monomer units). 
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Many polymers have hydroxyl (-OH) end groups. The compounds according to the invention 
are polymers that have one or more such hydroxyl groups removed or replaced. 

For examples, polymers such as polyalkylene glycols, certain polyorthoesters, : and 
copolymers containing polyoxyalkylene and/or polyorthoester units have one or more hydroxyl 
end groups. As a specific example, polyoxyethylene-polyoxypropylene-polyoxyethylene (ROE- 
POP-POE) triblock copolymers sold under the tradename Pluronic® by BASF, have the 
following general structure: .< 
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An end-capped polymer according to the invention would have one or both of the hydrogens of 
the hydroxyl groups removed and replaced with a different functional group. Preferably;; the 
replacement functional group is a functional group that is less reactive than a hydroxyl group. 
More preferably the replacement functional group is a hydrocarbon group, such as a methyl 
group (-CH3). For example, the end-capped polymer according to the invention may have a 
structure according to the following formula (I): 
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wherein a and b can be any integer(s) such that the resulting compound is capable of acting as a 
carrier for an active ingredient when combined with a suitable solvent under suitable conditions. 
In a further preferred embodiment, a and b are any integer(s) such that the compound exhibits 
reverse phase behavior when combined with a suitable solvent under suitable conditions. 
Reverse phase behavior is a characteristic exhibited when a composition becomes more fluid as 
its temperature rises. In the context of this invention, it is preferred that reverse phase behavior 
is exhibited by the carrier becoming more fluid as its temperature rises from ambient temperature 
to an elevated temperature. In a further preferred embodiment, the elevated temperature is body 
temperature. In a preferred embodiment, a is about 101 and b is about 56. 

Alternatively, the hydroxyl end groups could be replaced with other carbon-containing 
functional groups or a halogen group such as a fluoride, bromide or iodide group. 

In one embodiment, the end-capped polymer is in the form of a solid at room 
temperature. The end-capped polymer is dispersed in a solvent in order to form a carrier. In a 
preferred embodiment, the solvent is water. The carrier comprising the end-capped polymer 
preferably exhibits reverse phase behavior when its temperature rises from room temperature to 
body temperature. Preferably, the carrier is also biocompatible. 
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In a preferred embodiment, the invention is directed to a composition comprising (i) a 
soluble product extracted from demineralized bone and (ii) a carrier comprising a compound of 
the formula (I): - 
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The carrier may further comprise a solvent; which is preferably water. As an example, the 
carrier may comprise about 25% to about 30% weight of the compound according to formula (I) 
and about 75% to about 70% weight water. In a preferred embodiment, the compound of 
formula (I) is defined such that a is about 1 0 l and b is about 56. - . 

In a preferred embodiment, the soluble product is about 20% to about 80% weight of the 
composition and the carrier is about 80% to 20% weight of the composition. In a^further 
preferred embodiment, the soluble product is about 60% weight of the composition and the 
carrier is about 40% weight of the composition. S ' 

The composition may further comprise an insoluble product from a demineralized bone 
extraction process. In a further preferred embodiment, the soluble product is about 1% to about 
80% weight of the composition, the carrier is about 10% to about 40% weight of the 
composition, and the insoluble product is about 20% to about 50% weight of the composition. 
More preferably, the soluble product is about 30% to about 40% weight of the composition, the 
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carrier is about 26% to about 28% weight of the composition, and the insoluble product is about 
30% weight of the composition. 

The inventive compositions may further comprise demineralized bone, which can be in 
any form, including powder or chips. For example, in a preferred embodiment, the soluble 
product is about 1% to about 20% weight of the composition, the carrier is about 10% to about 
40% weight of the composition, the insoluble product is about 0.1% to about 15% weight of the 
composition, and the demineralized bone powder is about 10% to about 40% weight of the 
composition. In a further preferred embodiment, the soluble product is about 3% to about 5% 
weight of the composition, the carrier is about 26% to about 28% weight of the composition, the 
insoluble product is about 6% to about 9% weight of the composition, and the demineralized 
bone powder is about 23% to about 27% weight of the composition. < ■•■ a 

Bone chips may be added to any of the inventive compositions. iJn a preferred 
embodiment, bone chips are about 1% to about 20% weight of the composition, v 

The compositions according to the invention can also contain one or more of 
hydroxylapatite (also referred to as hydroxyapatite), tricalcium phosphate, biphasic calcium 
phosphate or calcium sulfate. In a preferred embodiment, the at least one of hydroxylapatite, 
tricalcium phosphate, biphasic calcium phosphate or calcium sulfate is about 15% to about 30% 
weight of the composition. :; 

In an alternative embodiment, the invention is directed to a composition comprising (i) at 
least one of the materials demineralized bone powder, bone chips, insoluble product, 
hydroxylapatite, tricalcium phosphate, biphasic calcium phosphate, or calcium sulfate, wherein 



9 



H: 533077(BFBP01!.DOC) 



the material(s) have been coated with a soluble product extracted from demineralized bone and 
(ii) a carrier comprising a compound of the formula (I): ^ 
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As defined above, the carrier may further comprise a solvent, such as water, and 
preferably exhibits reverse phase behavior. 

In a preferred embodiment, the at least one coated material of demineralized bone 
powder, bone chips, insoluble product, hydroxylapatite, tricalcium phosphate,, biphasic calcium 
phosphate, or calcium sulfate is about 30% to about 70% weight of the composition, the soluble 
product is about 5% to about 20% weight of the composition and the carrier is about 10% to 
about 40% weight of the composition. j * ; 

In a further preferred embodiment, the composition comprises hydroxylapatite, and that 
hydroxylapatite may be treated with a poreformer and/or a binder. The hydroxylapatite may be 
derived from natural bone. In another preferred embodiment, the composition comprises a 
combination of hydroxylapatite and tricalcium phosphate. In that case, it is preferred that the 
hydroxylapatite is about 60% to about 80% weight of the combination and the tricalcium 
phosphate is about 20% to about 40% of the combination. 
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The particle size of the various components of the inventive compositions may vary. In a 
preferred embodiment, the particle size of the demineralized bone powder and the insoluble 
product is between about 10 to about 1,000 microns. In a further preferred embodiment, the 
particle size of the demineralized bone powder and the insoluble product is between about 125 to 
about 500 microns. The particle size of the bone chips, hydroxy lapatite, tricalcium phosphate, 
biphasic calcium phosphate, and calcium sulfate is preferably between about 100 to about 7,000 
microns. More preferably, the particle size of the bone chips, hydroxylapatite, tricalciiim 
phosphate, biphasic calcium phosphate, and calcium sulfate is between about 1,000 to about 
4,000 microns. <i. i ! 

The compositions according to the invention are preferably tissue repair compositions 
that may be used in a method of treating tissue comprising applying the inventive composition to 
a tissue of a human or animal patient. In a preferred embodiment, the tissue 1 is a bone defect site. 

In a further preferred embodiment, the invention is directed to a composition comprising 
(i) an osteogenic agent and (ii) a carrier comprising a compound of the formula (I): 
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As defined above, the carrier may further comprise a solvent, such as water, and 
preferably exhibits reverse phase behavior. 
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The osteogenic agent is any agent that promotes, induces, stimulates, generates, or 
otherwise effects the production of bone or the repair of bone. The presence of an osteogenic 
agent in the defect site may elicit an effect on the repair of the defect in terms of shortening the 
time required to repair the bone, by improving the overall quality of the repair, where such a 
repair is improved over situations in which such osteogenic agents are omitted, or may achieve 
contemporaneously both shortened repair times and improved bone quality. In a preferred 
embodiment; the osteogenic agent is a protein, and more preferably a protein that enhances the 
repair of a bone defect. The term "protein" includes naturally occurring proteins, protein 
fragments, genetically or chemically modified proteins (including proteins > with one or more 
additions, deletions, or substitutions of amino acids) and synthetic or recombinantly produced 
proteins. For example, the protein may be a bone morphogenic protein (BMP). Alternatively, 
the osteogenic agent may be a cell or population of cells, a synthetic molecule, drugvor 
pharmaceutical involved in or important to bone or cartilage biology. : r 

The demineralized bone used in the compositions according to the invention can be 
prepared according to a variety of different methods. Some conventional methods are identified 
in Jefferies, supra, and Glowacki et ah, supra. Such conventional methods for preparing 
demineralized bone include a defatting step and a demineralization step. Different methods of 
defetting, e.g., hot water, or chloroform/methanol washes, can be used. Demineralization can be 
performed according to a variety of different methods, generally using different types of acid 
solutions for varying times and at variable temperatures. The demineralized bone can be 
prepared in a variety of shapes and sizes. In a preferred embodiment, the demineralized bone is 
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in the form of a powder and, more preferably, has a size in the range of about 100 to about 850 
|um. 

In several of the above-mentioned embodiments of the present invention, the tissue repair 
composition comprises bone tissue extracted from demineralized bone. In a preferred 
embodiment, that bone tissue is recovered from the extraction of demineralized bone with a 
liquid solvent, wherein the demineralized bone is in the form of a powder. The extraction 
process is generally conducted at room temperature in a suitable extraction medium under 
suitable conditions. vr 

For purposes of this patent application, the term "soluble product" or "soluble product 
from a demineralized bone extraction process" is defined as the bone tissue that is recovered 
from the solvent used to extract demineralized bone. An example of a soluble [product is 
described in Example 5 of this specification. v > 

For purposes of this patent application, the term "insoluble product" or "insoluble product 
from the demineralized bone extraction process" is defined as the insoluble product that remains 
after demineralized bone is extracted with a solvent. An example of an insoluble product is 
described in Example 5 of this specification. 

These soluble and insoluble products may be further processed, for example, by 
centrifuging, decanting, filtering, titration, precipitation, dialyzing, fully or partially drying, 
rehydrating and/or sterilizing. In a preferred embodiment, these steps are performed without 
heating. For a detailed description of an extraction process, see co-pending U.S. Application 
Serial No. 10/195,671 entitled "Tissue Repair Compositions And Methods For Their 
Manufacture And Use," filed on July 15, 2002, and PCT Application Serial No. PCT/US/27908 
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(WO 03/020117) entitled "Tissue Repair Compositions And Methods For Their Manufacture 
And Use," filed on August 30, 2002, which are incorporated herein by reference. 

Additional materials may be added to the tissue repair composition according to -the 
invention, including both active and nonactive ingredients. These additional materials include 
collagen, gelatin, residual solids produced during the extraction process that may or may not 
contain residual BMPs, bone mineral including, without limitation, cortical and/or^ cancellous 
bone (in any form including particles or chips), demineralized bone (in any form including 
particles or chips), partially demineralized bone (in any form including particles or chips), 
hydroxy lapatite, tricalcium phosphate, biphasic calcium phosphate, calcium- sulfate^ biological 1 
glasses, and natural or synthetic polymers. - r 

In a; preferred embodiment, the end-capped polymer can be used in a tissue repair 
composition that contains one or more of the soluble and/or insoluble products extracted from 
demineralized bone, as discussed above. For example, a carrier comprising the end-capped 
polymer combined with the soluble and/or insoluble product can be further combined with 
hydroxyapatite, tricalcium phosphate, biphasic calcium phosphate, calcium sulfate, BMPs, bone 
mineral including, without limitation, cortical and/or cancellous bone chips, partially 
demineralized bone, etc., biological glasses, and natural or synthetic polymers. 

The biological, physicochemical and biodegradation properties of the tissue repair 
composition may be altered by known cross-linking agents such as chemicals (e.g., 
glutaraldehyde or formaldehyde) or radiation {e.g. gamma or electron beam). Preferably 
radiation is used as the cross-linking agent, and most preferably electron beam (E-beam) 
radiation is used to irradiate the wet or dry materials. 
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In another preferred embodiment, the tissue repair composition has the consistency of a 
gel or putty. '.. ■ 

The following examples are included to demonstrate preferred embodiments of the 
invention. It should be appreciated by those of skill in the art that the techniques disclosed in the 
examples that follow represent techniques discovered by the inventors to function well in the 
practice of the invention, and thus can be considered to constitute preferred modes for r its 
practice. However, those of skill in the art should, in light of the present disclosure, appreciate 
that many changes can be made in the specific embodiments which are disclosed and still obtain 
a like or similar result without departing from the spirit and scope of the invention. ;» :r 

EXAMPLES 

EXAMPLE } 1 

A sample of Pluronic® F127 (BASF) is provided. The Pluronic® F127 molecules 1 are 
transformed into their dilithium salts by dispersing the Pluronic® F-127 in an aprotic solvent such 
as tetrahydrofuran or an alkane with appropriate amounts of either n-butyllithium, commercially 
available in hexane solution, or lithium aluminum hydride, commercially available involutions 
of THF. 

Exposure of the Pluronic® F 127 to butyllithium or to lithium aluminum hydride will lead 
to the evolution of an amount of either butane gas or hydrogen gas in proportion to the number of 
hydroxyl groups present in the Pluronic® F-127 molecule. From the average molecular weight 
of Pluronic®, F-127 of 12,150, one can calculate that the proportion of hydroxyl groups present 
will cause a 1.25 gram-sample of Pluronic® F-127 to evolve 4.48 mL of gas at S.T.P. In order to 
generate a more accurately and readily measured volume of gas it is calculated that a 12.5 gram- 
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sample of Pluronic® F-127 will lead to the evolution of 44.8 mL of gas at SXP. Thus, such 
gasometric measurements on the starting Pluronic® F-127 sample and such measurements 
conducted after the Pluronic® F-127 sample has been chemically modified will indicate the 
proportion of hydroxy groups initially present and will confirm that no hydroxy 1 groups are ; 
present in the chemically modified sample. ; . 

Once the Pluronic® F-127 sample is quantitatively transformed into its dilithium salt, am 
appropriate proportion of alkylating agent, namely methyl iodide will be added to complete the 
synthesis of the dimethyl ether derivative of Pluronic® F-127. «£. j l 

In order to ensure complete replacement of: all lithiums by methyl groups : the methyl* 
iodide will be used in generous excess; since methyl iodide is quite volatile such excess, methyl- 
iodide will not be deleterious since it can be readily removed by evaporation of the reaction; 
mixture. A small amount (e.g., about <0.05%) of 2,6-di-tert-butyl-4-methylphenol dissolved in & 
suitable solvent (e.g., anhydrous toluene) can optionally be added to ensure that the only .' 
chemical structural change of Pluronic® F-127 that has taken place is the desired replacement of 
one. or both, of the hydrogens of the hydroxyl groups with the methyl groups. The resulting 
solution of dimethyl capped polymer molecules will be subjected to evaporation under reduced : 
pressure in order to remove any traces of remaining methyl iodide or solvent. The end-capped 
polymer product may be recrystallize one or more times from a suitable solvent and thus the; 
derivative can be purified by such selective crystallization from any small amounts of remaining 
impurities. As mentioned above, the final test for the complete absence of hydroxyl groups will 
be to expose purified product samples to lithium aluminum hydride solutions with the 
expectation that no hydrogen gas whatsoever should be evolved since there are no remaining 
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hydroxyl groups. As a physical confirmation of the absence of such terminal hydroxyl groups, 
the purified derivative can be subjected in highly concentrated solutions to both infrared and 
proton NMR spectroscopic analyses. 
EXAMPLE 2 

A carrier for a tissue repair composition is prepared by combining about 25% to about 
30% weight of the end-capped polymer made according to Example 1 with about 75% to about 
70% weight water. For example, the carrier can comprise about 26% 5 weight end-capped 
polymer and about 74% weight water. Alternatively, the carrier can comprise about 30% weight 
end-capped polymer and about 70% weight water. The mixture may need to be stirred for 
several hours at a cooled temperature in order to completely disperse the end-capped polymer. 
For example, the end-capped polymer may be added to the water and stirred- with a magnetic stir 
bar and/or shaker at low speed for at least about 24 hours at about 1 to about 10 °C. ; ■ I; 

; The carrier comprising the end-capped polymer and water is then combined with an 
amount of :demineralized bone powder to obtain a desired consistency.;- For example, the 
composition may contain at least about 20 to about 30% weight demineralized bone powder by 
weight of the overall composition. The composition may be provided in a sterile, single use 
package. 
EXAMPLE 3 

Additional components may be added to the composition described in Example 2. Such 
components may include bone morphogenetic protein(s), collagen, gelatin, residual solids 
produced during the extraction process that may or may not contain residual BMPs, bone 
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mineral, hydroxyapatite, tricalcium phosphate, biphasic calcium phosphate, calcium sulfate, 
biological glasses, and natural or synthetic polymers. 

EXAMPLE 4 : v 

Instead of the bone powder as described in Examples 2, one or more extracted and 
purified or recombinantly produced BMP's may be added to the carrier described in Example 2. 
EXAMPLE 5 ; - 

A tissue repair composition is prepared by combining the carrier described in Example 2 
with demineralized bone powder, the soluble product extracted from demineralized bone powder 
and the insoluble product extracted: from demineralized bone powder. A detailed description of 
the extraction process for producing a soluble product and an insoluble product is, provided in co- 
pending U.S. Application Serial Nb. 10/195,671 and PCT Application Serial No, PCT/US/27908 
(WO 03/020 1 1 7), which are incorporated herein by reference. 
Preparation of Soluble and Insoluble Products 

Demineralized bone powder is placed in a flask and 3M citric acid solution is added .with 
agitation. The amount of 3M citric acid solution (e.g., prepared via the addition of citric acid 
monohydrate granules and sterile, water) needed for agitation is calculated as follows: gram 
weight DBM x 20 = mL 3M citric acid solution required. The agitation is continued for some 
period of time (e.g., about 72 hours) to ensure completion of the extraction. After the agitation, 
the solution is filtered, preferably with deionized water, resulting in a soluble product and an 
insoluble product. Dialysis of the soluble product is performed, preferably using deionized 
water. The pH of the soluble product after dialysis is preferably about 4.5 to about 5. After 
dialysis, the soluble product can be lyophilized. However, it is preferred that the soluble product 
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is first placed in a freezer (preferably at about -80 °C) for about 12 hours or more before 
lyophilization. The lyophilized soluble product may have a cotton-like in appearance and 
texture. The insoluble product is subject to buffer wash(es), preferably using an about 0.1 M 
sodium phosphate buffer solution. Upon completion of the buffer wash(es), it is preferred that 
the surface pH of the insoluble product is about 4 to about 5. After the buffer wash(es),; the 
insoluble product can be lyophilized. However, it is preferred that the insoluble product is first 
placed in a freezer (preferably at about -80 °C) for about 12 hours or more before lyophilization. 
The lyophilized soluble product may have a similar appearance and texture toiidemineralized 
bone powder. Following lyophilization, it is preferred that the soluble product and the insoluble 
production are e-beam sterilized (e.g., at about 1 0. 1 kGy). ] r 

Preparation of an End-Capped Polymer \ 
A reactor was purged with N2, and then charged with 7-10 gallons of anhydrous toluene. 
The temperature controllerof the reactor was then set to 45 °C. 7.3 kg of Pluronic® F- 127 was 
then added to the reactor, under an Argon environment, and the Pluronic® F- 127 was dried with 
nitrogen until its water content was below 150 ppm. The Pluronic® F127 dispersion was then 
sparged with dry argon to displace the absorbed nitrogen. 

The reactor was then cooled to 0 °C. At 3 °C, the stirring speed was increased and the 
reactor was charged with 350mL of 10M butyl lithium in hexane. Within 45 minutes, the 
mixture turned dark orange and the temperature was then increased to 45°C. At; this point, the 
mixture was stirred for 5-6 hours at 45 °C. 
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The temperature of the reactor was then decreased, and the mixture stirred in the cooled 
reactor at 0-5°C for 1 hour. The temperature was then raised to 8-15 °C and the mixture was 
stirred in the reactor for another 2 hours. 

1.5kg (~750mL) of freshly distilled methyl iodide was then added to the reactor, and 
stirring was continued overnight at ambient temperature with the reactor pressurized to 2 psi with 
dry argon. A vacuum was then applied for 4 hours. * 

Then, 1 .6 g of BHT dissolved in 5mL of anhydrous toluene was added to the reactor and 
the mixture was stirred for 10 minutes. The temperature of the reactor was then increased' to f 50 
uC ± 5°C. At 50°C, the heat was turned off and the mixture was allowed to settle overnight. 
After reaction, the gel-salts layer will separate inside the reactor. » . ; : > ; 

The mixture is then centrifuged, and hexane was then added to the reactor in a 2:1 ratio to 
/precipitate polymer. That mixture was then stirred for 5-10 minutes. This mixture was then 
allowed to stand for 30 ± 5 minutes. The hexane was then removed. 

The precipitated polymer was then filtered and washed again with hexane. The polymer 
was then dried in flowing air at ambient temperature before transferring to a convection oven 
with temperature of 40 ± 10°C. The polymer was then monitored until volatile content reached 
below 1.5% and toluene below 0.01%. 

Preparation of a Carrier Containing the End-Capped Polymer 

The end-capped polymer described above may be used to prepare a carrier according to 
the steps described in Example 2. The pH of the polymer/water dispersion during mixing is 
preferably in the range of 6.3 to 6.9, and the prepared carrier has a cohesive, non-sticky putty- 
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like consistency. Preferably, the carrier exhibits reverse phase behavior when its temperature 
rises from ambient to body temperature. 

Preparation of a Tissue Repair Composition * ; r < 

The lyophilized soluble product is combined with sterile water and mixed until the 
soluble product is dissolved. The pH of this mixture is preferably about 4. This mixture is 
optionally titrated with 2M LBX (citric acid solution), preferably until the pH of the mixture 
reaches about 1.6 - 1.9, Demineralized bone powder and the insoluble product of desired 
particle size (e.g., about 125 to about 500 microns) are added to the mixture and combined, 
preferably, until an even, dry, putty-like consistency is attained. The desired particle size of the 
insoluble product can be obtained by any conventional methods (e.g., sieving). !■•»-. 

The particle size and the percentage by weight of each component of the resulting tissue 
repair composition can vary based upon the desired application. In this example, the particle size 
of demineralized bone powder and insoluble product is about 10 to about 1000 microns 
(preferably about 125 to about 500 microns) and the tissue repair composition comprises about 
10% to about 40% (preferably about 20% to about 30% and more preferably about 26% to about 
28%) weight of the end-capped polymer made according to Example 1, about 10% to about 40% 
(preferably about 20% to about 30% and more preferably about 23% to about 27%) weight of 
demineralized bone powder, about 1% to about 20% (preferably about 2% to about 10% and 
more preferably about 3% to about 5%) weight of the soluble product and about 0/1% to about 
15% (preferably about 1% to about 10% and more preferably about 6% to about 9%) weight of 
the insoluble product. 
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The resulting tissue repair composition can optionally be subject to additional processes 
(e.g., e-beam sterilization, packaging, etc.). ? '<v 

EXAMPLE 6 

This Example is directed to a tissue repair composition as described in Example 5, except 
that demineralized bone powder is not added. The percent weight of each component of this 
tissue repair composition can vary based upon the desired application. ; In this Example, the 
tissue repair composition comprises about 10% to about 40% (preferably about 20% to . about 
30% and more preferably about 26% to about 28%) weight of the end-capped polymer* made 
according to Example 1, about 1% to about 80% (preferably about 50% to about 70% and more 
preferably about 30% to about 40%) weight of the soluble product and about 20% to about 50% 
(preferably about 25% to about 35% and more preferably about 30%) weight of the insoluble 
product. 1 r; 
EXAMPLE 7 , ]J± 

This Example is directed to a tissue repair composition as described in Example 6, except 
that the insoluble product is not added. The percent weight of each component of this tissue 
repair composition can vary based upon the desired application. In this example, the tissue 
repair composition comprises about 20% to about 80% (preferably about 30% to about 50% and 
more preferably about 40%) weight of the end-capped polymer made acqording to Example 1, 
and about 20% to 80% (preferably about 30% to about 70% and more preferably: about 60%) 
weight of the soluble product. a 
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EXAMPLE 8 

Bone chips, preferably cancellous bone chips, are added to the tissue repair composition 
described in Example 5. The particle size and the percent weight of each component of the 
tissue repair composition can vary based upon the desired application. In this example^ the 
particle size of the bone chips is about 100 to about 7,000 microns (preferably about 1000 to 
about 4,000 microns for orthopedic applications and about 100 to about 2,000> microns for 
oral/maxillary applications) and the bone chips are about 1% to about 20% (preferably about 5% 
to about 1 5 % and more preferably about 1 0%) weight of the tissue repair composition. 
EXAMPLE 9 , v 

Bone chips, preferably cancellous bone chips, are added to the tissue repair composition 
described in Example 6. The particle size and the percentage of each component of the; tissue 
repair compositions can vary based upon the desired application. In this example, the particle 
size of the bone chips is about 100 to about 7,000 microns (preferably about 1000 to about 4,000 
microns for orthopedic applications and about 100 to about 2,000 microns for oral/maxillary 
applications) and the bone chips are about 1% to about 20% (preferably about 5% to about 15 % 
and more preferably about 10%) weight of each of the tissue repair compositions. . 
EXAMPLE 10 

Bone chips, preferably cancellous bone chips, are added to the tissue repair composition 
described in Example 7. The particle size and the percent weight of each component of the 
tissue repair compositions can vary based upon the desired application. In this example, the 
particle size of the bone chips is about 100 to about 7,000 microns (preferably about 1000 to 
about 4,000 microns for orthopedic applications and about 100 to about 2,000 microns for 
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oral/maxillary applications) and the bone chips are about 5% to about 25% (preferably about 
10% to about 15% and more preferably about 15%) weight of each of the tissue repair 
compositions. 
EXAMPLE 11 

At least one of the following compounds is added to each of the tissue repair 
compositions described in Examples 5, 6 and 7: hydroxylapatite, tricalcium phosphate, biphasic 
calcium - phosphate and calcium sulfate ("Compound(s)"). The particle size and- the percent 
weight of each component of these tissue repair compositions can vary based upon the desired 
application. In this example, the particle size of the Compound(s) is about lOOvto about 7,000 
microns '(preferably about 1000 to about 4,000 microns for orthopedic applications and ; about 
100 to about 2,000 microns for oral/maxillary applications) and the total weight- of the 
Compound(s) is about 15% to about 30% (preferably about 20% to about 25%). weight of the 
tissue repair composition. v V : -» 

EXAMPLE 12 

At . least one of the following compounds is added to each of the tissue repair 
compositions described in Examples 8, 9 and 10: . hydroxy lapatite, tricalcium phosphate, 
biphasic calcium phosphate and calcium sulfate ("Compound(s)"). The particle size and -the 
percent weight of each components of these tissue repair compositions can vary based upon the 
desired application. In this example, the particle size of the Compound(s) is about , 100 to about 
7,000 microns (preferably about 1000 to about 4,000 microns for orthopedic applications and 
about 100 to about 2,000 microns for oral/maxillary applications) and the total weight of the 
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compound(s) is about 5% to about 15% (preferably about 10%) weight- of the tissue repair 
composition. . , , 

EXAMPLE 13 ! .% 

A tissue repair composition is prepared by coating at least one of the following materials 
with the soluble product described in Example 5 and then combining, it with, the carrier 
comprising the end-capped polymer made according to Example 2: DBM, bone chips, insoluble 
product, hydroxylapatite, tricalcium phosphate, biphasic calcium phosphate;- and calcium sulfate. 
The coating process begins with combining the lyophilized soluble product with sterile water; and 
mixing until the soluble product is dissolved. The pH of this mixture is preferably about 4. This 
mixture is then used to coat at least one of the materials described above using art-disclosed 
methods. The resulting coated material(s) is then combined with a carrier comprising the end- 
capped polymer made according to Example 2 using art-disclosed methods. The particle size 
and the percent weight of each component of the tissue repair composition can vary, based upon 
the desired application. In this example, the particle size of the material(s) is about 100 to about 
7,000 microns (preferably about 1000 to about 4,000 microns for orthopedic applications :and 
about 100 . to about 2,000 microns for oral/maxillary applications) .and the tissue repair 
composition comprises about 10% to about 40% (preferably about 15% to about 30% and more 
preferably about 20% to about 25%) weight of the end-capped polymer made according to 
Example 1, about 5% to about 20% (preferably about 10% to about 15%) weight of the soluble 
product and about 30% to about 70% (preferably about 40% to about 60%, more preferably 50% 
to about 55%) weight of the material(s). 
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EXAMPLE 14 

This Example is directed to tissue repair compositions as described in Examples 1 1 * and 
12, wherein the added Compound(s) is hydroxy lapatite. Preferably/ the hydroxylapatite 
conforms to the ASTM Standard Specification for Composition of Anorganic Bone for Surgical 
Implants (Designation F 1581-99), which is incorporated herein by reference. The 
hydroxylapatite can be prepared using art-disclosed methods. For example, preparation of 
hydroxylapatite can begin by crushing bone particles, preferably with particle size in the range of 
.about 250 to about 2800 microns and boiling them with deionized water to remove organic 
materials. .This removal process may also include boiling the crushed bone particles in a solution 
of about 1% sodium hydroxide and deionized water and/or about 1%'by weight hydrogen 
. peroxide in deionized water. The boiled and crushed bone particles; are. then, dried, sintered, 
■-preferably? at between about 700 and about 975 °C, and crushed again to desired particle size, 
i The resulting hydroxylapatite particles are then visually inspected and cleaned (e.g., sonicatiqn, 
.depryogeriation, etc.). X-ray diffraction, Fourier Transfer, infrared analysis, pH* testing; and 
; other art-disclosed analytical chemical techniques can optionally be used to confirm that these 
hydroxylapatite particles conform to the ASTM Standard Specification for Composition of 
Anorganic c Bone for Surgical Implants (Designation F 1581-99). It is preferred that the pH of 
these hydroxylapatite particles is in the range of about 9 to about 11.5. 
EXAMPLE 15 ; ; 

This Example is directed to tissue repair compositions as described in Examples 11 and 
12, wherein the added Compound(s) is hydroxylapatite. Preferably, the hydroxylapatite 
conforms to the ASTM Standard Specification for Composition of Ceramic Hydroxylapatite for 
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Surgical Implants (Designation F 1185-88), which is incorporated herein by reference. The 
hydroxylapatite can be prepared using art-disclosed methods. For example, preparation of 
hydroxy lapatite can begin by* combining a solution comprising monobasic ammonium phosphate 
and deionized water with a solution comprising calcium oxide and deionized water, preferably in 
a slow stream fashion and then heated in an effort to ensure the chemical reaction is uniform and 
completed, resulting in a slurry. The slurry is then vacuum filtered, dried, and crushed to the 
desired particle size. The resulting hydroxylapatite particles are then combined with a suitable' 
ceramic binder solution. In this Example, about 1 kg of hydroxylapatite 'particles:; is combined 
with a solution comprising about 100 g of stearic acid and about 2 L of acetone producing a 
slurry. The slurry is then filtered, dried, crushed to desired particle size, steamed autoclaved to 
avoid overrdryness, pressed using techniques and pressures common in ceramic technology to : 
obtain a "green compact", slowly heated to burn out the excess binder, and then sintered./ The 
binded hydroxylapatite particles can again be crushed if necessary to obtain desired -particle ;size, 
visually inspected and cleaned. (e.g., sonication, depryogenation, etc.). X-ray diffraction, Fourier 
Transfer, infrared analysis, ptt testing, and other art-disclosed analytical chemical techniques can^ 
optionally be used to confirm that these particles conform to the ASTM Standard Specification 
for Composition of Ceramic Hydroxylapatite for Surgical Implants. It is preferred that the pH of 
these particles is in the range of about 9 to about 1 1.5. The amounts of monobasic ammonium 
phosphate and calcium oxide can varied based upon the desired composition. In this example, 
about 690 grams of monobasic ammonium phosphate and about 560 grams of calcium oxide 
were used to produce about 1 kg of hydroxylapatite particles. 
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EXAMPLE 16 

This Example is directed to a tissue repair composition as described im Example 15, 
except that a suitable poreformer (e.g., polyethylene glycol, naphthalene, etc:) is combined with 
the bound.hydroxylapatite particles, preferably in a ratio of about 2 to about 3 to form porous and 
bound hydroxylapatite particles. This combination step is preferably conducted after the steam 
autoclaving step and before the pressing step described in Example 15. , ^ . 
EXAMPLE 17 

This Example is directed to tissue repair, compositions as described in Examples 11 and 
12, wherein the added Compound(s) are a combination of hydroxylapatite and tricalcium 
phosphate. Preferably, the hydroxylapatite conforms with the ASTM Standard Specification for 
Composition of Ceramic Hydroxylapatite for Surgical Implants (Designation F 1 185-88) and the 
tricalcium' phosphate conforms with the ASTM Standard Specification for Beta-Tricalcium 
Phosphate for Surgical Implantation (Designation F 1088-87), which are incorporated herein by 
reference, v Both hydroxylapatite and tricalcium phosphate can be obtained commercially or 
prepared ; using art-disclosed methods. For example, preparation of ? hydroxylapatite and 
tricalcium phosphate can begin by combining a solution comprising monobasic ammonium 
phosphate, deionized water and phosphoric acid (preferably about 85% weight) with a solution 
comprising calcium oxide and deionized water, preferably in a slow stream fashion and then 
heated in an effort to ensure the chemical reaction is uniform and completed, resulting in a 
slurry. The slurry is then vacuum filtered, dried, and crushed to desired particle size (e.g., about 
100 to about 7000 microns, preferably about 1000 to about 4000 microns for orthopedic 
applications and about 100 to about 2000 for oral/maxillary applications). The resulting 
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hydroxylapatite and tricalcium phosphate particles are then visually inspected and cleaned (e.g., 
sonication, depryogenation, etc.). X-ray diffraction, Fourier Transfer,- infrared" analysis, pH 
testing, and other art-disclosed analytical chemical techniques can optionally be used to confirm 
that these particles conform to the ASTM Standard Specifications (mentioned above) for 
hydroxylapatite and tricalcium phosphate. It is preferred that the pH of these particles is in the 
range of about 9 to about 11.5. The amounts of monobasic ammonium- phosphate,., phosphoric 
acid and calcium oxide can varied based upon the desired composition. ; In this example, about 
200 grams of monobasic ammonium phosphate and about 550 grams of calcium oxide were used 
to produce about 1 kg of particles that are about 40% weight hydroxylapatite and about 60% 
weight tricalcium phosphate. It is preferred that the resulting particles are about 15% to about 
85% weight tricalcium phosphate and 85% to about 15% weight hydroxylapatite and imore 
^preferably 60% to about 80% weight tricalcium phosphate and 40%;;;to about 20% weight 
hydroxylapatite. " / 
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